We investigated the importance of arginine-vasopressin (AVP) for blood pressure control in young and adult rats. Most of the studies were performed on Brattleboro rats with complete diabetes insipidus (DI). In some protocols, Sprague-Dawley rats (SD) were also used. The rats were age 20-24 days (young) or 50-80 days (adult). Adult DI rats have a significantly higher mean arterial pressure (MAP) than adult SD rats. The studies were performed during normovolemia and hypovolemia. Hypovolemia was created by the rapid withdrawal of blood, 0.5-1.5% of body weight. Following bleeding 0.5% of the body weight, young DI rats had a significantly larger decrease in MAP than adult DI and young and adult SD rats. Continuous infusion of AVP (2000 pg ·100 g-l min-I) blunted the hemorrhagic hypotension in the DI rats.
Summary
We investigated the importance of arginine-vasopressin (AVP) for blood pressure control in young and adult rats. Most of the studies were performed on Brattleboro rats with complete diabetes insipidus (DI). In some protocols, Sprague-Dawley rats (SD) were also used. The rats were age 20-24 days (young) or 50-80 days (adult). Adult DI rats have a significantly higher mean arterial pressure (MAP) than adult SD rats. The studies were performed during normovolemia and hypovolemia. Hypovolemia was created by the rapid withdrawal of blood, 0.5-1.5% of body weight. Following bleeding 0.5% of the body weight, young DI rats had a significantly larger decrease in MAP than adult DI and young and adult SD rats. Continuous infusion of AVP (2000 pg ·100 g-l min-I) blunted the hemorrhagic hypotension in the DI rats.
In all groups of rats studied, AVP had little effect on the MAP during normovolemia. The effect of AVP (given in a bolus dose of20 or 2000 pg.l00 g-l) on the MAP was in DI rats significantly related to the MAP immediately prior to the AVP administration. No effect on MAP was observed when the initial MAP was 105-112 mm in the young DI rats and 148-157 mmin the adult DI rats. The effect of AVP (20 pg·100 g-l) appeared to be submaximal to maximal. In anaesthetized SD rats, the basal AVP production was higher in the young than in the adult animals. Following bleeding, serum AVP increased in both young and adult rats but the increase was significant only in the adult rats.
Abbreviations AVP, arginine vasopressin DI, diabetes insipidus BW, body weight SD, Sprague-Dawley MAP, mean arterial pressure Several investigators have reported that the serum levels of AVP are high in the perinatal period (9, 10). Pohjavuori and Fyhrquist (9) found that the AVP levels in serum from cord blood could be 100 times higher than in serum from the mother.
It is generally recognized that AVP may have both an antidiuretic (14) and a hemodynamic effect (3, 6, 10) . It is also well documented that the response to the antidiuretic effect is not fully developed at birth (12, 13) . Newborn infants given high doses of DDAVP intranasally continue to produce an almost isotonic urine (15) . Studies on isolated collecting tubules from rabbits have shown that the maximal increase in cAMP following exposure to AVP is significantly less in immature than in mature collecting tubules (13) . Pohjavuori and Fyhrquist (9) therefore suggested that the high AVP production in the perinatal period was of importance primarily for blood pressure control.
The vascular effects of AVP are less well investigated than the antidiuretic effects. The doses of AVP generally required to elicit significant changes in blood pressure are often 100 to 1000 times higher than the doses required to produce antidiuretic effects. The fact that hemorrhage is a potent stimulus for AVP release (4, 5) suggests that AVP is important for the prevention of hemorrhagic hypotension.
The aim of this study was to evaluate the role of AVP for blood pressure control in hemorrhagic hypotension in young rats. Most of the experiments were performed on Brattleboro rats with hereditary DI. Only homozygote animals with a complete lack of AVP were used. By using this strain, we unmasked the hemodynamic effect of endogenous AVP.
MATERIALS AND METHODS
The experiments were carried out on Brattleboro (16) and Sprague-Dawley rats age 20-24 days (young rats) and 50-80 days (adult rats). The Brattleboro rats in this study had a hypotonic urine osmolality following 19 h of dehydration. They had a high incidence of hydronephrosis, which may be interpreted as a sign of polyuria. They were therefore judged to be homozygotic with regard to the inherited defect of AVP production and will be referred to as DI rats. The animals were given an ordinary laboratory diet and had free access to fluids.
The rats were anaesthetized with Inactin (Byk) 8 mg. 100 g-l BW and an endotracheal tube was inserted. A thin polyethylene catheter was introduced into a carotid artery for blood pressure recordings and withdrawal of blood and another catheter was introduced into a femoral vein for infusions and blood sampling. We used only rats that did not bleed during the preparation for further studies. During the experiments a saline solution was administered at a rate of3 ml-100 g-l BW h-1 to the DI rats and at a rate of 1 ml-100 g-l BW h-1 to the SD rats. The differences in infusion rates were based on differences in urine production. The hematocrit values did not change during the course of the study. They averaged 30 ± 4.5 and 36 ± 2.6 in young and adult DI rats, respectively. We have previously found in rats that the hematocrit values increase between 20 and 40 days of age (1). The MAP was recorded continuously with a Grass polygraph by means of a Statham transducer. The hematocrit of heparinized blood samples was determined in glass capillaries after centrifuging at 5000 rpm for 5 min.
Bleeding. After a control period of 10 min, blood (0.5-1.5 ml-100 g-l BW) was rapidly withdrawn from the carotid artery catheter. The MAP was followed continously for up to 10 min after the reduction in blood volume. The animals were then retransfused.
AVP administration. AVP (supplied by the Ferring Co.
Malmo, Sweden) was dissolved in 0.9% NaCl and 0.1 % bovine serum albumin (1 U AVP = 2.5 pg). In some experiments, AVP * Significantly different from adult DI rats. t Significantly different from adult SD rats.
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100 MAP, % of control pg·100 g-I BW min-I) increased the MAP somewhat more in the young than in the adult DI rats (11.4 and 5%, respectively). When the rats were bled during a continuous infusion of AVP (2000 pg·loo g-l BW.min-I) , the fall in MAP was blunted in the young DI rats when bled 0.5% of the BW (Fig. 2) . The same degree of inhibition in pressure fall was observed in the adult 01 rats when bled I% of the BW. The effect of AVP on MAP thus appeared to be more pronounced during hemorrhagic hypotension than during control conditions. The relationship between the initial MAP and the effect of AVP on the MAP was therefore tested by giving bolus doses of AVP (20 and 2000 pg·lOO g-I) to young and adult rats during control conditions, as well as after bleeding. The rats were bled 0.5, I, or 1.5% of the BW to obtain a wide range of initial MAP values. We found a close inverse relationship between the initial MAP and the MAP-elevating effect of AVP in both age groups (Fig. 3, A and B) . The r values for 20 and 2000 pg·100 g-I in infants DI rats were -0.90 and -0.93, respectively, and in adult DI rats -0.93 and -0.88, respectively (Fig. 3C) . When the MAP was high (during control conditions), AVP caused only small MAP increases and in some cases (hypertensive adult 01 rats) it even reduced the MAP. No change in MAP was observed when the initial MAP was 105-112 mm Hg in the young DI rats and 148-157 mm Hg in the adult DI rats (Fig. 3C) . The lower values for no effect were observed following the higher dose of AVP. The difference between the effect of 20 and 2000 pg AVP, however, was not significant in either the young or the adult rats. No effect of AVP on MAP occurred at a significantly lower MAP in the young than in the adult rats for both AVP 20 and 2000 pg. 100 g-I.
The intercepts of the regression line between the initial MAP and an increase in the MAP following AVP differed significantly in the young and the adult DI rats.
A VP and angiotensin levels. Serum samples for the determination ofthe AVP concentration were taken before and following bleeding (I % of BW) in SO rats. The AVP level during control conditions was significantly lower in the adult than in the young rats ( Table 2 ). The mean AVP concentration increased in both age groups following bleeding but the increase was significant only in the adults rats. Serum samples for the determination of angiotensin were obtained in adult DI and SD rats ( Table 3) . The angiotensin levels did not differ significantly during control conditions; they increased to a similar degree after bleeding (l % of BW) in both groups.
DISCUSSION
Several previous studies have suggested that AVP has a dual effect on blood pressure control (4, 8) , a peripheral blood pressure-elevating effect and a central blood pressure-depressing effect. It is well documented that AVP has a contracting effect on endothelial smooth muscle cells (2) . In baroreceptor denervated animals, the MAP is depressed (8) Young DI rats Adult DI rats Young SD rats Adult SD rats 100 MAP, % of control was infused continuously and intravenously at the rate of 2000 pg·lOO g-I BW min-I. The infusion was started 10 min before and continued 10 min after the bleeding. In other experiments, AVP was injected as a bolus dose intravenously (20 pg·lOO g-I BW or 2000 pg·100 g-I BW). The AVP was then injected either during control conditions or 2 min after withdrawal of 0.5-1.5 ml blood-100 g-I BW. In animals given a bolus dose of AVP, MAP was registered 30 sec before the injection and 30 sec after the injection was completed.
AVP and angiotensin determinations. Blood (0.3 ml) for the determination of AVP levels was taken from the SO rats during control conditions and 3 min following withdrawal of I ml blood . 100 g-I BW. The AVP concentration in serum was determined with radioimmunoassay. One-half ml blood was taken from adult 01 and SO rats during control conditions and 3 min followig withdrawal of I ml blood -100 g-l BW. The angiotensin II concentration in serum was determined with radioimmunoassay.
Calculation. Student 
RESULTS
The MAP recorded under control conditions did not differ significantly in young DI and SO rats ( Table 1) . As reported previously (1), the MAP increased significantly from about 20 days of age to adulthood. The increase was significantly more pronounced in the 01 rats than in the SO rats. Figure I . The MAP is presented in percentage of the MAP value recorded immediately before the bleeding. In all of the groups studied, the bleeding induced a fall in the MAP. This fall was significantly more pronounced in the young 01 rats than in the young SO rats, the adult 01 rats, and the adult SO rats. In the young 01 rats, the average maximal decrease in the MAP, occurring within 30 sec following the bleeding, was 60% of the control value. There was no significant difference in the MAP response between the adult DI and the adult SO rats during hemorrhage. (2000 5 o+-,----,.-------r--------.
MAP duringbleeding. The effect of a moderate bleeding (0.5% of BW) on the MAP is demonstrated in

MAP following A VP administration. 'Infusion of AVP
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Time,min of AVP is greatly enhanced. These observations support the hypothesis that AVP mediates a central blood pressure-depressing effect. This dual effect on blood pressure means that AVP plays an important role in normal blood pressure control. In adult DI rats, AVP increased the blood pressure during hypotension and reduced it during hypertension. AVP had no effect on the blood pressure (MAP) when it was around 150 mm Hg, which is approximately the same MAP as that recorded in control adult SD rats. In young rats, AVP had no measurable effect on the MAP when it was around 110 mm Hg. It is therefore possible that changes in the balance between the vasoconstrictive effect of AVP and the central depressing effect of AVP occur during postnatal life. The change in balance between the different hemodynamic effects of AVP may be of importance in the control of the MAP during development and in the adult. It is of interest in this connection that the MAP in adult DI rats is significantly higher than in adult SD rats. AVP appears to playa physiological role in the prevention of hemorrhagic hypotension. In previously reported studies on the hemodynamic importance of AVP, its blood pressure-elevating effects have been most apparent following hemorrhage and followigbaroreceptor denervation (4, 7, 8, 12, 17) . The results of the present study imply that AVP is of even greater importance in the prevention of hemorrhagic hypotension in young than in adult rats. We found that a moderate blood volume contraction, 0.5% of the BW, caused a more pronounced hypotension in young DI rats than in young SO rats and adult DI and SO rats. We also found that this hypotension could be prevented by the continuous infusion of AVP (2000 pg·lOO g-I min-I). The adult 01 rats were more resistant to hemorrhagic hypotension than the infant 01 rats. The reason for this is not known. In addition to AVP, angiotensin has also been thought to prevent hemorrhagic hypotension. The angiotensin levels were the same in the adult DI and SO rats both during control conditions and following bleeding. It is therefore likely that the relative resistance to hemorrhagic hypotension, observed in adult DI rats, is independent of angiotensin.
The serum AVP levels were measured in the SO rats. The capacity to release AVP was at least as good in young as in adult rats. Previous studies on fetal lambs have shown that the capacity to release AVP in response to blood volume contraction is well developed even in fetal life (12) . The AVP levels recorded under basal conditions were high in both the adult and the infant 01 rats; they were 21 and 45 pg-ml", respectively. In adult rats that have been dehydrated for 48 h, the AVP concentration has been reported to be around 30 pg.ml-I (5). The SO rats in this study had been dehydrated for 10 h and subjected to anesthesia and blood vessel cannulation which might have caused the blood volume contraction. Great care had, however, been taken not to use animals that had been bled prior to carrying out the procedure. Following bleeding, the AVP levels increased in both groups, but the increase was significant only in the adult rats. It is possible, however, that the AVP levels in the infant rats were already so high during basal conditions that they represented maximal levels.
